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Generation of zebrafish transgenic lines to study
centrosome inheritance
Minde I. Willardsena, Brian A. Linkb
aMedical College of Wisconsin, Cell Bio, Neurobiol, Milwaukee, WI, USA
bMedical College of Wisconsin, Milwaukee, WI, USA
Centrosomes consist of a pair of cylindrical centrioles oriented
perpendicularly to each other and function as the main microtubule
organizing center of the cell. Centrosomes also play roles in
intracellular trafficking, cell polarity, organization of the mitotic
spindle, and organization of primary cilia. The two centrioles within a
centrosome each self-duplicate once during the cell cycle, but are
asymmetric in their maturation state. This results in two differently
aged centrosomes, an older mother, and a younger daughter, which
are then separated upon cell division so that each new cell inherits
one centrosome. Centrosome inheritance, therefore, is asymmetric
and has been shown to influence cell fate in Drosophila neuroblasts
and male germline stem cells (Yamashita and Fuller, 2008). A recent
study of mouse cortex neuroepithelia found that inheritance of the
mother centrosome correlated with progenitor fate, while inheri-
tance of the daughter the centrosome segregated with differentiated
progeny (Wang et al., 2009). To address the question of whether
centrosome inheritance influences cell fate in vivo, we have
generated a zebrafish transgenic line, ß actin:Kaede-Centrin, that
takes advantage of the photoconvertable Kaede protein fused to the
centrosomal protein Centrin, to label differently aged centrosomes.
Importantly, we found that Centrin protein stably binds to centro-
somes, thus photoconverted Kaede-Centrin protein will remain
steadily bound so that a centrosome labeled with Kaede-Centrin
can be followed through several cell cycles. Currently we are using
the transgenic line to study the role of asymmetric centrosome
inheritance in cell fate decisions in the retina.
doi:10.1016/j.ydbio.2011.05.197
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Poky/Ikk1/Ikka promotes Ripk4 function in zebrafish
epidermal differentiation
Cindy Fukazawaa, Steven Grzegowskia,
Sheena Shah-Simpsona, Daniel S. Wagnerb
aRice University, Houston, TX, USA
bRice University, Biochem & Cell Biol, Houston, TX, USA
Epidermal differentiation in the zebrafish begins with formation of
the enveloping layer (EVL). Rapiddifferentiationof the EVL is required to
protect the developing embryo from the hypotonic environment. The
EVL differentiates directly from the external cells of the blastoderm.
These cells dramatically slow their cell cycle at the onset of zygotic
transcription, form a permeability barrier and express differentiation
markers, includingmany homologs of genes expressed in differentiating
mammalian epidermis. The EVL differentiates prior to formation of the
p63 positive epidermal basal layer raising questions as to the degree of
conservation of pathways regulating differentiation of the EVL and
mammalian epidermis. Zebrafish poky mutants have defective EVL
differentiation and the blastoderm clears and lyses as control embryos
are initiating gastrulation. poky encodes the zebrafish homolog of
mammalian IKK1/IKKa, a kinase required for epidermal differentiation
in the mouse. To examine the extent of molecular conservation in the
pathways that regulate epidermal differentiation between zebrafish and
mammals we have examined the expression and activities of additional
zebrafish homologs of mammalian epidermal differentiation genes.
Among these we have identified the zebrafish homolog of Ripk4,
another kinase required for epidermal differentiation in the mouse.
Zebrafish ripk4 is expressed maternally and in the EVL. Expression of
ectopic wild type Ripk4 does not affect early development. However
expression of an activated form of Ripk4 can induce ectopic EVL gene
expression indicating regulated function of this kinase. Ripk4 distribu-
tion limits Poky/Ikk1 activity and co-expression of wild type Ripk4
greatly potentiates the activity of an activated formof Ikk1. Furthermore,
expression of activated Ripk4 can induce EVL differentiation markers in
poky mutant embryos indicating that it acts downstream of Ikk1 to
promote EVL differentiation. Together these results support a model
whereby spatial regulation of Ikk1 and Ripk4 control differentiation of
the zebrafish epidermis.
doi:10.1016/j.ydbio.2011.05.198
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FGF20 is required for differentiation of cochlear outer hair cells
and normal hearing function
Sung-Ho Huh, Jennifer Jones, Mark Warchol, David Ornitz
Washington Univ, Developmental Biology, St. Louis, MO, USA
Congenital hearing loss is one of the most common hereditary
diseases, affecting 2–3 infants per 1000 live births . A large proportion of
age-relatedhearing loss is sensorineural and is caused by loss or damage
to outer hair cells (OHC) in theorganof Corti (OC) . TheOC is the sensory
transducing apparatus in the cochlea and is composed of one row of
inner hair cells (IHC), three rows of OHCs and associated underlying
supporting cells (SC). Although there has been progress in under-
standing mechanisms of hair cell (HC) and SC differentiation, the
cellular signals that specify the distinct phenotypes of cochlear IHCs and
OHCs are not known.Herewe show that FGF20 is essential for hearing in
mice and functions to regulate differentiation of cells in the lateral
cochlearcompartment (OHCs andouter SCs)within theOC, but has little
effect on cells in the medial compartment (IHCs and inner SCs).
Specifically, FGF20 is a permissive factor that operates within a specific
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developmental time window to initiate lateral compartment differ-
entiation. In the absence of FGF20, lateral compartment cells remain
undifferentiated and postmitotic, and unresponsive to Notch-depen-
dent lateral inhibition. The requirement in mice of FGF20 for OC
development and hearing, and the lack of other severe phenotypes in
the absence of FGF20, suggest that human FGF20 may be a candidate
hereditary deafness gene.
doi:10.1016/j.ydbio.2011.05.199
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The role of Hes/Hey genes in the sensory development of the
chicken inner ear
Jelena Petrovic, Joana Neves, Fernando Giraldez
CEXS-UPF, Barcelona, Spain
The Notch pathway plays an essential role in the specification of the
prosensory patches and in the determination of hair cells and neurons.
The prosensory function of Notch is mediated by Jagged1 (Jag1), which
restricts Sox2 expression to the prosensory patches via a mechanism of
lateral induction that propagates theNotch signalwithin the prosensory
domains. However, it is not known what couples Notch signaling to
lateral induction and Sox2 expression.We have explored the expression
patterns of Hes/Hey genes as potential candidates for downstream
targets of Notch in the ear. The results show that Hey1 correspondswell
with Jag1 expression in the prosensory patches. Hey1 expression is
homogeneous within the prosensory patches and parallels lateral
induction. On the contrary, Hes5 expression is speckled and delayed
with respect to Hey1. It overlaps with Dl1 expression, and both parallel
lateral inhibition during neurogenesis and hair cell determination. Hes1
is expressed weakly in sensory patches and Hey2 is mainly expressed in
the periotic mesenchyme. The expression of both Hey1 and Hes5
depends on Notch activation and is abolished by DAPT. The forced
expression of hJag1 in the otic cup induces Hey1, but not Hes5. After
sensory specification, however, hJag1 is unable to induce Hey1
expression outside the sensory domains, suggesting that the compe-
tence of the otic epithelium to respond to Notch becomes restricted
throughout development. The effect of hJag1 on Hey1wasmimicked by
hJag2 but not by cDl1 overexpression. The results suggest that Hey1 is a
good candidate to mediate the prosensory function of Notch. Moreover
different Notch ligands are associated with different targets and modes
of action of Notch.
doi:10.1016/j.ydbio.2011.05.200
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Sox2 and Ngn1 regulate the neurogenic fate in the developing
inner ear
Lale Evsena, Masanori Uchikawab, Satoko Sugaharab,
Hisato Kondohb, Doris Wuc
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In the central nervous system(CNS), Sry-relatedHMG-box2 (Sox2) is
thought to inhibit neurogenesis by keeping neuronal progenitors in an
undifferentiated state but its action is counteracted by Ngn2 (Neuro-
genin 2) to promote neurogenesis. In contrast, over-expression of Sox2
has been shown to promote neurogenesis inmouse cochlear explants. In
the developing inner ear, Sox2 is expressed in the neural-sensory
competent domain (NSC), but its expression is down-regulated in the
neuroblasts that delaminate from the NSC domain to form the cochleo-
vestibularganglion (CVG). To investigate the role of Sox2 inneurogenesis
of the inner ear, we over-expressed Sox2 in the developing chicken inner
ears in ovo. Our results indicate that ectopic Sox2 readily induces
Neurogenin 1 (Ngn1) expression, an important gene required for the
neurogenic fate of the inner ear. Nevertheless, neurogenesis fails to
proceed based on the lack of Neurod1 up-regulation and as a result, the
size of CVG is reduced. Over-expression of Ngn1 is capable of up-
regulation of Neurod1 and causes ectopic neuroblast formation in the
otic cup. Similar increases in neurogenesis are obtained with over-
expression of Neurod1. Based on these results, we hypothesize that Sox2
is normally involved in initiating neurogenesis by up-regulating Ngn1.
Theup-regulatedNgn1, in turn, down-regulates Sox2expression inorder
forneurogenesis to proceed andNeurod1 tobeup-regulated.Weprovide
evidence that Ngn1 inhibits Sox2 expression at the transcriptional level.
The inabilityofNgn1to repress the transcriptionof exogenous Sox2 leads
to the failure of neurogenesis in over-expressed Sox2 specimens.
doi:10.1016/j.ydbio.2011.05.201
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Fate-mapping the vestibular neurogenic region in the developing
chicken otic cup using lipophilic dyes
Xiaohong Denga, Doris Wub
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During inner ear development, precursors of auditory and vestibular
neuronsdelaminate fromaneuro-sensory competent domain of the otic
cup. This domain eventually gives rise to sensory organs. Previous fate-
mapping studies in chicken suggest that precursors of vestibular and
auditory neurons are regionally segregated as early as the otic placode
stage. This regional organization of the neurogenic region may dictate
the type of sensory organs that subsequently form. Here, we show that
by the otocyst stage, the Neurod-positive neurogenic domain is
delineated by a Crabp1-positive lateral region and a Pax2-positive
medial region, which presumably correspond to the areas that give rise
to vestibular and auditory neurons, respectively. To verify the neuro-
genic identity of these two regions, we fate-mapped the presumed
vestibular-neurogenic region by focal injections of lipophilic dyes along
the lateral edge of the Neurod-positive domain of the otic cup, and
follow the labeled cells at the otocyst stage and a later stage when the
neurons and sensory organs are differentiated. Our results indicate that
labeled cells from the Crabp1-positive lateral region of the neurogenic
domain in the otocyst give rise tomostly vestibular neurons. In contrast,
labeled cells in a region which weakly expresses both Crabp1 and Pax2
give rise to both vestibular and auditory neurons. Despite the differences
in the resulting labeledneurons, the entire lateral edgeof theneurogenic
domain in the otic cup only label cells within the vestibular sensory
organs. The results are consistent with the notion that neuronal fates
and subsequent sensory organ types in the inner ear are related.
doi:10.1016/j.ydbio.2011.05.202
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The role of Hh signaling and proneural genes in otic
neurosensory development
Cristina Pujades, Dora Sapede, Sylvia Dyballa
Universitat Pompeu Fabra, Barcelona, Spain
The Role of Hh Signaling and Proneural Genes in Otic Neurosensory
Development D. Sapède, S. Dyballa and C. Pujades Department of
Experimental and Health Sciences, Universitat Pompeu Fabra, Barcelona,
SpainThe inner ear is responsible for the perception ofmotion and sound
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